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BULLETIN  No.  211. 

POTATO  FLEA-BEETLE*. 

O.  A.  JOHANNSEN. 

THE  FLEA  BEETLE  AND  EARLY  BLIGHT. 

The  flea  beetle  (Epitrix  cuciiineris)  is,  next  to  the  Colorado 
potato  beetle,  the  most  destructive  of  the  annually  recurrent 
insects  on  the  foliage  of  the  potato  in  Maine.  The  insect  eats 
minute  holes  in  the  leaf  giving  it  a  dotted  appearance  like  a 
pepper  box  cover  (Fig.  19).  Sometimes  the  damage  done  by 
this  pest  is  very  marked  as  was  the  case  of  a  small  unsprayed 
field  in  Orono  the  past  year  when  the  plants  were  entirely 
killed  before  Julv  10.  But  the  danger  to  the  plant  is  not  re- 
stricted to  what  the  insect  alone  can  do,  for  it  is  generally  ac- 
knowledged that  early  blight  attacks  injured  leaves  more  readily 
than  healthy  ones  and  the  punctures  made  by  the  insect  serve 
as  points  of  entrance  for  the  germ  tubes  of  the  spores  of  the 
fungus.  The  insects  themselves  are  also  in  all  probabiHty 
active  agents  in  spreading  the  disease  by  carrying  the  spores 
from  plant  to  plant  on  their  bodies.  Early  blight  is  widespread 
and  now  very  destructive  in  that  it  attacks  and  weakens  the 
plant  at  a  critical  period,  thus  checking  the  development  of  the 
tubers.  It  is  confined  to  the  foliage  and  is  not  known  to  cause 
rot.  Early  blight  first  appears  as  small  brown  spots,  frequently 
surrounding  flea  beetle  punctures,  scattered  over  the  older 
leaves.  These  spots  slowly  enlarge  and  frequently  become  some- 
what angular  in  shape  from  the  fact  that  they  stop  on  reaching 
a  leaf  vein.  There  is  usually  a  sharp  boundary  between  the 
healthy  green  of  the  leaf  and  the  spot,  although  a  badly  spotted 
leaf  will  have  a  decidedly  yellow  appearance  over  its  entire 
surface.  Close  inspection  of  the  early  blight  spots  will  usually 
show  concentric  lines.  Early  blight  may  occur  alone  or  asso- 
ciated with  late  blight. 

*Fapers  from  the  Maine  Agricultural  Experiment  Station :  Ento- 
mology No.  64. 
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Though  SO  common  every  year  throughout  the  state,  there 
are  still  many  farmers  who  are  quite  unfamiliar  with  this  fiea- 
beetle.  This  is  clue  to  the  fact  that  the  insect  is  so  small  and 
active  and  feeds  largely  on  the  underside  of  the  leaves. 

•   HISTORY  AND  DISTRIBUTION'. 

In  1807  Illiger  ])ublished  a  paper  entitled  "Portugiesische 
Kafer"  in  which  he  mentions  the  species  Haltica  pubcscens  as 
occurring  in  Coimbra  and  Lisbon  ( Portugal  i  stating  further 
that  he  also  had  the  s])ecies  from  Xorth  America  (  Pennsylva- 
nia). In  1835  Dr.  T.  W.  Harris  records  the  name  Haltica 
cucumcris  in  his  Catalogue  of  the  Insects  of  Massachusetts. 
The  same  author  published  in  1841  his  ''Report  on  the  Insects 
of  Massachusetts  Injurious  to  N'egetation"  in  which  he  says 
(p.  103  1  : 

"The  most  destructive  species  ( i.  e.  of  the  Halticitii  )  in  this  vicinity- 
is  that  which  attacks  the  cucumber  plant  as  soon  a*  the  latter  appear- 
above  the  ground  eating  the  seed-leaves,  and  thereby  destroying  the 
plant  immediately.  Supposing  this  to  be  an  undescribed  insect.  I  for- 
merh  named  it  Haltica  citcuweris.  the  cucumber  flea-beetle:  but  Mr. 
Say  subsequently  informed  me  that  it  was  the  pubesccus  of  Illiger,  so 
named  because  it  is  very  slightly  pubescent  or  downy."  In  a  later  edi- 
tion Dr.  Harris  says  "Count  Deiean,  who  gave  to  it  the  specific  name 
of  fusctila  considered  it  as  distinct  from  the  pubesccus,  and  it  differs 
from  the  descriptions  of  the  latter  in  the  color  of  its  thighs,  and  in 
never  having  the  tips  and  shoulders  of  the  wing-covers  yellowish:  so 
that  it  may  still  bear  the  name  given  to  it  in  my  catalogue.  It  is 
only  one  si.vteenth  of  an  inch  long,  of  a  black  color,  with  clay-yellow 
antennae  and  legs,  except  the  hindmost  thighs,  which  are  brown.  The 
upper  side  of  the  body  is  covered  with  punctures,  which  are  arranged 
in  rows  on  the  whig-cases :  and  there  is  a  deep  transverse  furrow  across 
the  hinder  part  of  the  thorax." 

Subsequent  investigations  have  shown  that  the  species  des- 
cribed bv  Dr.  Harris  is  distinct  from  Mtbcsccas  and  may  there- 
fore rightfully  bear  the  name  cuciiincris.  The  specimens  from 
Pennsvlvania  mentioned  by  Illiger  were  cucumcris  anil  diere- 
fore  differed  from  those  collected  in  Portugal.  The  synon\-niy 
now  stands  as  follows : 

Epitrix  cucumcris  Harris.  In  Catalogue  of  Insects  of  Mass.. 
1835;  Rept.  on  the  Insects  of  Mass..  1841 :  Toumal  of  Agricul- 
ture. I.  103.  1851. 

£.  fuscula  Deiean,  CatT  3  ed.  415. 
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E.  nigritula  Dejean,  dim. 

E.  puhcscens,  in  part,  Illiger's  Mag.  VI.  58,  1807. 

E.  scminulum  Le  Conte.  Proc.  Ac.  Phil.  358.  i86t. 

Though  the  aduk  insect  has  long  been  known  to  entomologists 
it  is  only  within  the  last  few  years  that  we  have  learned  that 
the  larvae  live  in  the  ground  feeding  on  the  roots  and  tubers  of 
the  potato  and  perhaps  on  related  plants.  It  is  true  that  both 
Fitch  and  Riley  stated  more  than  40  years  ago  that  the  larva 
is  a  leaf  miner  but  it  seems  that  their  statements  are  based  upon 
inference  rather  than  upon  actual  observations. 

Fitch  in  his  Eleventh  Report  (page  62 )  says  in  his  discussion 
of  the  potato  flea-beetle  "Having  given  a  full  account  of 
the  larvae  and  transformations  of  this  genus  in  connection 
with  the  striped  flea-beetle  (Haltica  striolata),  it  is  unnec- 
essary to  repeat  the  same  details  here."  The  larva  of  the 
striped  flea-beetle  mines  in  the  leaves  of  turnips,  beets  and 
other  plants  of  the  garden  according  to  Fitch's  account,  and 
from  his  statement  in  the  preceding  sentence  we  are  led  to 
infer  that  the  larva  of  Epitrix  cucumeris  also  is  a  leaf  miner. 
There  is  however  nothing  in  his  account  in  which  he  states 
that  he  actually  found  the  larvae  of  the  potato  flea-beetle  and 
we  must  therefore  assume  that  it  was  merely  a  guess  on  his 
part. 

Riley  in  his  First  Annual  Report  as  State  Entomologist  of 
Missouri  (p.  loi,  18*59)  writes: 

"   The  larva  feeds  internally  upon  the  substance  of  the 

leaf,  like  that  of  the  closely-allied  European  Flea-beetle  of  the  turnip 
{Haltica  nemorum)  ;  and,  from  its  near  relationship  to  that  insect,  we 
may  infer  that  it  goes  underground  to  assume  the  pupa  state,  that  it 
passes  through  all  its  stages  in  about  a  month,  and  that  there  are  two 
or  three  broods  of  them  in  the  course  of  the  same  season." 

Though  it  is  definitely  stated  here  that  the  larva  mines  in 
the  leaves  there  is  nothing  so  far  as  I  have  been  able  to  dis- 
cover in  Riley's  writings  showing  that  this  is  based  on  personal 
observations.  A  number  of  entomologists  since  then  have 
made  similar  statements  but  all  of  their  accounts  bear  evidence 
of  having  been  copied  from  the  writings  of  the  earlier  authors. 

Another  error,  apparently  also  inherited  from  the  earlier 
writers,  frec[uently  found  in  the  published  accounts  of  these 
beetles,  is  the  unqualified  statement  that  there  are  2  or  3  gen- 
erations a  year.    In  Maine  there  is  but  one  generation  or  at 
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most  only  a  partial  second.  Mr.  F.  A.  Sirrine's  observations 
made  in  1896  in  New  York  are  confirmed  by  our  o\vn.  He  says 
"As  the  facts  stand  there  is  probably  but  one  brood  of  the 
potato  flea-beetle  a  year." 

Distribution.  The  potato  flea-beetle  has  a  wide  (ii-tribution 
in  this  country,  having  been  recorded  from  most  of  the  states 
from  Maine  to  California.  The  species  is  mentioned  in  the  pub- 
lications of  over  half  of  the  Agricultural  Experiment  Stations. 

HABITS  AND  DESCRIPTION*. 

The  hibernating  adult  beetles  emerge  from  their  hiding  places 
under  leaves  and  rubbish  during  April  and  May,  in  this  State 
usually  the  latter  month,  and  may  be  found  upon  plantain,  and 
other  weeds,  as  well  as  upon  the  foliage  of  wild  cherry,  apple, 
maple  and  other  trees,  where  they  apparently  feed  but  little  if 
at  all  at  this  time  for  the  leaves  upon  which  they  are  found 
resting  c!o  not  bear  evidence  of  feeding  punctures.  A  little 
later  when  the  young  tomato  plants  are  set  out,  early  in  June 
in  the  vicinity  of  Orono,  tlie  flea-beetles  feed  upon  tliem.  fre- 
quently in  such  numbers  as  greatly  to  impair  the  growth  of 
the  plant.  From  the  middle  to  the  last  week  in  June  mating 
pairs  are  seen.  The  first  eggs  the  past  season  at  Orono  were 
found  on  June  26,  and  none  found  later  than  the  middle  of  July. 
The  eggs  which  were  obtained  from  adults,  confined  under 
cheese  clotli  covered  lantern  globes  set  over  earth  filled  flower 
pots,  are  laid  singly  in  the  ground.  The  egg  Cfig.  10)  is  white 
in  color,  elongate  ellipsoid  in  shape,  its  long  diameter  about 
2  1-2  times  the  shorter,  about  .25  ram.  long,  the  surface  feebly 
sculptured.  Some  potato  plants  growing  in  flower  pots  in 
breeding  cages  were  "charged"  with  flea-beetles  on  July  3.  On 
July  30  full  grown  larvae  and  a  few  pupae  were  found  among 
the  roots  of  these  plants,  the  larvae  mining  in  the  seed  potato, 
the  body  over  half  buried  within  the  tuber,  the  posterior  end 
sticking  out  at  right  angles  to  the  surface.  The  pupae  as  v.-ell 
as  some  of  the  larvae  were  found  free  in  the  earth  among  the 
roots. 

The  larvae  (fig.  11)  are  white,  sknder.  wormlike  creatures 
with  distinct  dark  brown  head  and  yellowish-brown  thoracic 
shield.  The  head  is  oval :  the  mandible  subtriangular,  the  apex 
with  about  4  blunt  teeth  of  wliich  tlie  laterals  are  smallest  (fig. 
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ID,  a  )  ;  the  antenna  is  short,  less  than  half  as  long  as  the  man- 
dible, subcylindrical,  about  twice  as  long  as  wide ;  the  palpus  is 
stout  at  base,  apical  joint  conical,  nearly  as  long  as  the  antenna; 
eyes  apparently  wanting;  setae  of  head  distinct,  but  few  in 
number.  Thorax  white,  first  segment  with  yellowish  brown 
chitinized  dorsal  shield,  setose.  The  legs  are  short,  stout,  setae 
few,  tarsal  claw  simple,  empodium  distinct.  Abdomen  white. 
9  segmente  d  each  segment  provided  with  about  24  setae,  the 
spiracle  distinct;  ninth  segment  with  rounded  apex,  unarmed 
except  for  the  setae.    Length  about  5  mm. 


Fig.  10.  Fig.  12. 

The  pupa  .(fig.  12)  is  white,  becoming  darker  when  it  is  ready 
to  transform.  A  transverse  line  of  several  setae  is  found  on 
each  abdominal  segment,  those  on  the  lateral  line  longest.  Apex 
of  abdomen  bifurcate;  the  forks  slender,  incurved  and  sharp. 
Length  2.2  mm. 

During  August  1912  larvae  and  pupae  were  to  be  found  in 
the  ground  among  the  young  tubers  but  by  the  end  of  the  first 
week  in  September  they  had  all  disappeared.  About  the  middle 
of  July  the  beetles  of  this  generation,  begin  to  emerge  in  Maine, 
becoming  very  abundant  upon  the  potato  vines  and  reaching  a 
maxirnum  about  the  first  of  September.  The  first  killing  frost 
in  September  marks  the  disappearance  of  the  beetles  to  their 
places  of  hibernation.  Our  own  observations  are  confirmed 
by  those  of  Sirrine  who  says  that  the  beetles  emerge  about 
Ju!^'  10  in  New  York,  and  by  those  of  Jones  who  gives  July 
20  as  the  date  in  A'ermont. 
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From  the  dates  given  above  it  will  be  seen  that  six  or  seven 
weeks  must  elapse  from  the  time  of  mating  to  the  maturity  of 
the  adults  of  the  next  generation  so  that  in  this  region  at  least, 
where  we  ma)'  expect  killing  frosts  about  the  middle  of  Septem- 
ber, there  is  time  for  but  one  complete  generation  per  year. 


The  fact  that  neither  larvae  nor  pupae  were  to  be  found  among 
the  roots  or  tubers  after  the  first  week  in  September,  though 
abundant  enough  in  the  same  field  in  similar  situations  in 
August,  further  substantiates  this  view. 

Although  in  this  state,  as  far  as  we  have  been  able  to  ascer- 
tain, it  is  only  the  adult,  which,  by  its  leaf  feeding  habits,  has 
proved  injurious,  in  New  York  Messrs.  F.  A.  Sirrine  and  F.  C. 
Stewart  have  shown  that  the  larvae  are  also  responsible  for 
seed  potato  in  the  ground. 


Fig.  13.  Epitrix  cucumcris:  adult  flea-beetle  much  enlarged.  (From 
Bulletin  U.  S.  Div.  Entomology  No.  19. 

In  Xew  York,  the  little  larvae  have  been  found  boring  into 
the  tubers,  roots,  and  root  stalks  of  the  potato.  The  wound 
made  by  the  boring  of  the  grub  results  in  the  formation  of  the 
some  injury  to  potatoes,  namely  in  causing,  what  has  been 
termed  "pimply"  potatoes.  So  far  as  our  own  obsers-ations 
went  the  past  season,  the  larvae  fed  only  on  the  fragments  of 


Fig.  II.  Larva. 
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"sliver",  but  a  "pimple"  may  or  may  not  be  produced.  In  1894 
this  trouble  was  sufficiently  common  in  Eastern  Long  Island 
to  attract  the  attention  of  the  farmers.  The  following  year 
buyers  were  on  the  lookout  for  potatoes  thus  affected  and  of- 
fered a  reduced  price  for  them. 

The  adult  beetle  (Fig.  13)  is  a  small  insect  about  one-twelfth 
of  an  inch  in  length  with  black  body  and  dull  yellow  legs,  and 
antennae.  Its  hind  legs  (Fig  17)  are  particularly  stout  and 
adapted  for  jumping,  hence  the  name  "flea-beetle."  It  is  often 
called  the  cucumber  flea-beetle  because  it  was  originally  des- 
cribed as  feeding  on  the  cucumber  ;  but  this  name  is  rather  a  mis- 
nomer, as  the  insect  feeds  by  preference  upon  plants  of  the 
family  Solanaceae  which  includes  the  potato  and  the  tomato. 

The  genus  EpifrLv  to  which  this  insect  belongs  may  be  dis- 
tinguished from  its  nearest  allies  by  the  following  characters; 
very  small  convex  species,  bearing  on  its  upper  surface  short, 
semierect  hairs,  sparsely  placed  over  the  thorax  and  arranged 
in  a  single  row  on  each  interval  of  the  wing  covers.  The  head 
has  an  oblique  ridge  each  side  extending  from  the  end  of  the 
frontal  carina  to  the  eye  and  limited  above  by  an  impressed 
line,  the  two  forming  together  a  broad  V.  The  front  angles  of 
the  thorax  are  obliquely  truncate  with  a  small  tooth  behind 
t'le  truncation.  Several  species  are  known  from  the  United 
States  of  which  three  may  occur  in  Maine.  The  species  under 
consic-eration  differs  from  its  nearest  relatives  in  having  the 
thorax  finely  but  not  densely  punctate,  (Fig.  14)  the  punctures 
well  separated,  the  ante  basal  impression  well  marked:  the  striae 
of  the  wing  covers,  especially  those  nearest  the  suture,  very 
feeble,  the  puncture?  round,  not  crowded,  the  upper  surface  of 
the  bo  ly  shining  piceous.  The  antennae  and  legs  are  reddish 
yellow,  only  the  femora  are  darker,  somewhat  oblong.  The 
thorax  is  nearly  twice  as  wide  as  long,  slightly  wider  at  the  base 
than  the  thorax,  the  umbone  rather  prominent.  Length  1.5  to  2 
millimeters  (i-i6to  1-12  inch). 

HOST  PLANTS. 

This  insect  feeds  by  preference  on  the  members  of  the 
^  olaiiaceae  or  Nightshade  family  embracing  the  potato  (Sola- 
iium  tuberosum),  the  wonder  berry  (S.  nigrum  var.),  bitter- 
sweet or  blue  bind  weed  (S.  Dulcamara)  Jerusalem  cherry. 
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(5".  Pseudo-Capsicum ) ,  horse  nettle  (S.  carolinense ) ,  black  or 
common  night  shade  {S.  nigrum)  egg  plant  (5.  melongcna) 
tomato  ( Lycopersicum  esculentum),  Caj'enne  pepper  (Capsi- 
cum annuum ),  ground  cherry  or  husk  tomato  (Physalis  pubcs- 
cens),  Petunia  {Petunia  nyctagini flora) ,  tobacco  {Nicotiana 
tabacuni).  and  Jimson  or  Jamestown  weed  (Datura  Stramo- 
nium.) Of  these  the  beetle  seems  to  prefer  above  all  others  the 
leaves  of  the  wonder  berr}-. 

It  has  also  been  recorded  as  feeding  upon  leaves  of  the  cu- 
cumber, squash,  watermelon,  muskmelon,  bean,  corn,  radish, 
turnip,  cabbage,  sunflower,  plantain,  beet,  spinach,  celery,  rasp- 
berry, apple,  sweet  potato,  rhubarb,  and  hop. 

In  order  to  test  the  susceptibility  of  various  plants  other 
than  those  of  the  nightshade  and  gourd  families  to  the  attack  of 
this  insect,  a  number  of  flea-beetles,  were  placed  in  glass  jars, 
with  some  leaves,  each  jar  containing  but  a  single  specie=;  of 
plant.  The  beetles  were  collected  at  random  from  a  potato 
field  and  all  subjected  to  the  same  conditions.  It  was  found 
that  tlie  leaves  of  the  bean,  sunflower,  lettuce  and  tlie  basswood 
were  eaten  with  evident  relish,  and  that  the  leaves  of  Oswega 
tea,  wood  sorrel,  bluets,  hemp  nettle,  celery,  beet  and  plantain 
were  slightly  attacked.  In  our  tests  the  insects  refused  to  eat 
the  foliage  of  raspberry,  corn,  turnip,  cabbage,  ground  i\-y.  red 
clover,  self  heal,  evening  primrose,  maple,  dogwood,  honey 
suckle,  woodbine,  (Pscdera),  twin  flower,  carrot,  arbutus, 
vaccinium,  viburnum,  red  elder,  horse  chestnut,  dog  bane,  jewel 
weed,  St.  John's  wort,  wintergreen,  violet,  ilex,  bedstraw. 
pipsissewa,  partridge  vine,  sarsaparilla.  phlox,  ash,  sumac,  an 
shin  leaf. 

It  will  be  noted  that  we  were  unable  to  induce  the  insects  t  ' 
eat  the  leaves  of  corn,  turnip,  caW?age  and  raspberry,  upor. 
which  they  had  previously  been  recorde-1,  while  celery,  beer 
and  plantain  were  but  very  slightly  attacked.  It  must  be  sai  ' 
however  that  in  our  experiments  we  used  leaves  that  were  ful'. 
grown.  Had  new  and  tender  leaves  been  placed  in  the  jars  tho 
results  might  have  been  ditferent. 

COXTROL. 

Parasites.  In  our  own  experiments  with  the  flea-beetles  we 
have  found  no  parasites  associated,  witli  them.  In  looking  over 
the  published  accounts  we  find  but  two  records  in  which  para- 
sites are  mentioned. 
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Professor  Forbes  in  tiie  21st  report  of  the  State  Entomologist 
I  p.  117 )  says  "They  are  sometimes  parasitized  b_v  a  hymenop- 
terous  insect,  probably  one  of  the  Bracoiiidae."  The  other 
observation  is  by  Dr.  Chittenden  in  Bulletin  19,.  N.  S.  Division 
of  Entomology,  U.  S.  Department  of  Agriculture.  He  writes 
— "The  flea  beetle  (i.  e.  B.  paravula)  as  well  as  £.  cucuiiicris, 
is  parasitized  while  in  the  adult  condition  by  what  is  evidently, 
judging  by  the  larvae,  a  species  of  the  hymenopterous  family 
Braconidae.  Numbers  of  beetles  were  collected  in  order  to  rear 
the  parasite.  Larvae  were  first  observed  July  14,  but  none  lived 
more  than  a  few  days  after  issuing  from  the  beetles.  All  of 
the  parasitic  larvae,  as  far  as  could  be  learned,  made  their  es- 
cape from  an  aperture  made  at  the  anal  orifice  of  their  host." 

Tests  of  poisons.  Tt  has  been  frequently  said  that  flea-bee- 
tles cannot  be  poisoned.  While  this  of  course  is  not  true,  it  is 
well  known  that  potato  fields  sprayed  in  the  usual  way  for  the 
Colorado  potato  beetle  are  not  exempt  from  the  attacks  of  the 
flea-beetle.  Observation  has  shown  that  the  flea-beetle  feeds 
upon  the  unsprayed  portion  of  the  leaf  and  appears  to  avoid 
the.  poisoned  part.  If  the  upper  surface  of  the  leaf  is  wholly 
covered  with  the  spray  the  beetle  will  feed  on  the  underside, 
where  indeed  it  usually  feeds,  by  preference.*  If  some  poison 
mixture  could  be  devised  that  would  prove  attractive  to  the 
insect  it  would  no  doubt  solve  the  problem  of  flea-beetle  con- 
trol. The  successful  use  of  sweetened  poisoned  bait  for  the 
combating  the  Grape  Fidia  (Fidia  viticida)  by  the  ento- 
mologists at  the  New  York  Expei-iment  station  at  Geneva  has 
suggested  a  trial  of  this  method  for  the  potato  flea-beetle.  The 

*The  peculiar  feeding  habit  of  the  potato  flea-beetle  has  been  sub- 
ject to  field  observation  by  Dr.  W.  J.  Morse  for  eight  or  ten  years  both 
in  Vermont  and  Maine  and  we  can  do  no  better  than  quote  him  in 
this  particular : — "The  flea-beetles,  thotigh  they  may  be  present  in 
large  numbers  and  doing  much  damage,  are  seldom  seen  by  the  potato 
growers.  One  reason,  of  course,  is  that  they  are  so  small.  A  more 
important  one  is  that  they  are  almost  always  found  on  the  under  sides 
of  toe  leaves  and  eat  from  the  under  sides,  never  clear  through  the 
leaf,  stopping  just  short  of  the  upper  surface.  They  eat  so  nearly 
through  that  the  tissues  above  dry  away  leaving  a  small  hole  entirely 
through  ,the  leaf.  It  is  certain  that  bordeaux  mixture  would  be  much 
more  efiFective  as  a  repellant  to  flea-heelles  if  it  could  be  applied  to  the 
under  side  of  the  leaves." 


46       MAINE  AGRICULTUR.\L  EXPERIMEXT  STATION.  I9I3. 


following  experiments  were  made  during  the  summer  of  1912, 
at  Orono. 

A  small  field  was  planted  with  potatoes  and  divided  into  five 
plots ;  one  of  which  was  spra^^ed  with  Bordeaux  to  which  was 
added  three  pounds  of  arsenate  of  lead,  per  50  gallons  of  spray 
mixture:  the  second  like  the  fir^t  but  with  the  addition  of  2  1-2 
quarts  of  Karo  corn  syrup  per  50  gallons  of  the  spray,  the  third 
without  bordeaux  but  using  three  pounds  of  arsenate  of  lead 
in  50  gallons  of  water;  the  fourth  as  in  the  third  with  the  addi- 
tion of  2  1-2  quarts  of  syrup;  the  fifth,  unspraye^l.  The  pota- 
toes were  sprayed  at  interv'als  of  -about  two  weeks  during  the 
season,  and  put  on  at  the  rate  of  250  gallons  per  acre.  The 
conr'itions  under  which  these  experiments  were  conducted  ren- 
dered it  impossible  for  us  to  keep  a  quantitative  record  of  flea- 
beetle  injur}-  (counts  of  flea-beetle  punctures  1  but  in  general  it 
may  be  said  that  there  was  decidedly  inore  flea-beetle  injury  in 
in  the  unsprayed  plot  than  in  the  sprayed  and  least  injury  in  the 
first  and  second  plots  which  were  sprayed  with  a  mixture  con- 
taining bordeaux.  There  was  no  noticealile  diff  erence  between 
the  plots  which  were  sprayed  with  the  mixture  containing  the 
syrup  and  the  corresponc'ing  one  without  it.  Had  a  pure  corn 
syrup  been  used  instead  of  Karo  corn  the  result  might  have  been 
different.  The  difference  between  the  sprayed  and  the  un- 
sprayed jilots  was  much  more  noticeable  during  September  than 
earlier  in  the  season. 

Some  laboratory  experiments  were  also  made.  A  number  of 
beetles  were  placed  in  a  glass  jar  with  some  tender  potato  leaves 
thoroughlv  drenched  in  an  arsenate  of  lead  spray  mixture 
(three  pounds  in  50  gallons.") 

In  a  second  jar  Watson's  soluble  arsenoid  1  an  efficient  poison 
for  potato  beetles  !  was  use  ! ;  in  the  third  as  in  the  first  but 
with  the  addition  of  Karo  corn  syrup  (2  1-2  quarts  per  50 
gallons).  At  the  end  of  24  hours  all  the  beetles  were  still  alive 
in  the  first  and  second  jars,  but  over  2-3  were  dead  in  the  third. 
All  the  leaves  showed  feeding  puncture  at  the  conclusion  of  the 
test.  Though  we  are  scarcely  justified  from  so  limited  a  series 
of  experiments  in  assuming  that  the  syrup  would  be  ser^■ice- 
able  when  used  on  a  large  scale,  nevertheless,  the  results  are 
interesting  and  suggestive. 
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Remedies.  The  •foregoing  experiments  with  Bordeaux  mix- 
ture have  only  again  demonstrated  what  has  long  been  known 
that  this  fungicide  is  an  excellent  flea-beetle  repellant.  As  it  is 
not  a  poison  but  a  repellant  the  key  note  to  success  in  its  use 
lies  in  thoroughness  and  frequency  of  spraying.  Professor  R. 
L.  Jones  formerly  of  the  \"ermont  Experiment  Station  was  the 
first  to  test  this  remedy  and  to  demonstrate  its  efficiency. 

Although  flea-beetles  are  sometimes  abundant  in  fields  which 
are  fairly  well  sprayed  it  must  be  borne  in  mind  that  the  spray 
rarely  covers  the  whole  leaf  and  that  the  beetles  attack  the  un- 
sprayed  part.  There  is,  how"ever,  another  factor  which  enters 
and  that  is  that  the  beetles  are  much  inclined  to  feed  on  the 
.mderside  of  the  leaf  frequently  stopping  just  short  of  the 
upper  surface.  The  tissue  above  dries  awa}^  and  this  leaves  a 
small  hole  through  the  leaf.  As  the  spray  for  the  most  part 
strikes  only  the  upper  surface  its  eifectiveness  as  a  repellant  is 
thus  largely  nullified.  It  is  certain  that  bordeaux  mixture 
would  be  much  more  effective  ii  it  could  be  applied  to  the  under 
surface  of  the  leaves.  A  spraying  apparatus  so  devised  that  a 
portion  of  the  spray  could  be  directed  upwards  against  the  un- 
derside of  the  leaves  would  do  much  towards  lessening  the  dam- 
age wrought  by  flea-beetles  and  thus  also  diminish  the  injury 
caused  by  early  blight.  Director  Chas.  D.  ^^'oods,  of  this  station 
in  a  letter  published  Oct.  19,  1912,  upon  the  subject  of  "Early 
Blight  and  Flea  beetles"  closes  with  these  words,  "One  of  the 
projects  of  the  ]\Iaine  Agricultural  Experiment  Station  for  the 
coming  year  is  the  construction  of  a  more  efficient  potato  spray- 
er and  one  with  the  nozzles  so  arranged,  if  possible,  that  they 
will  meet  the  necessary  requirements  in  the  manner  of  the  ap- 
plication of  the  spray  to  control  early  blight  and  flea-beetles. 
This  may  mean,  to  secure  sufficient  pressure  and  volume  of 
spray,  the  construction  of  some  sort  of  a  gasoline  power  spray- 
er for  potatoes." 

From  what  has  already  been  said  it  will  be  noted  that  the 
most  effective  reme  ''y  yet  known  against  flea-beetles  is  the  use 
of  borcTeau.x  mixture.  It  must  be  sprayed  on  so  that  the  vines 
are  well  coated,  and  repeated  at  frequent  intervals,  at  the  rate  of 
TOO  or  more  gallons  per  acre.  If  other  insects  are  also  present, 
tv\'0  pounds  of  lead  arsenate  to  50  gallons  of  the  bordeaux,  may 
be  a  irbed. 
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LIST  OF  INSECTS  RECORDED  ON  POTATO. 

Edith  M.  Patch. 

This  list  was  compiled  from  various  sources  as  a  part  of  the 
General  Insect  Catalogue  used  at  the  Maine  Agricultural  Ex- 
periment Station  and  the  fact  that  it  has  proven  useful  in  manu- 
script is  the  only  excuse  offered  for  its  publication.  It  is  a 
working  list  and  doubtless  incomplete.  Additions  or  corrections 
from  anyone  kind  enough  to  make  them  would  be  appreciated. 
The  references  are  to  accounts  where  the  potato  is  recorded  as 
a  food  plant. 

Lepidoptera. 

Agrotis  caiiipestris.  Fletcher — Canada,  Rept.  Ent.  for  1889,  70,  1890. 
Agrotis  subgothica,  Dingy  Cutworm.    Fletcher — Canada,  Rep.  Ent.  for 
1889,  p.  70,  1890. 

Agrotis  ypsilon,  Greasy  Cutworm.  Forbes — 111.  Exp.  Sta.  Bui.  95,  p.  351^ 
1904;  111.  St.  Ent.  23d  Rep.,  p.  21.  (Forbes — 12th),  1905;  Har- 
vey— Me.  Agr.  Exp.  Sta.  Rep.  for  1891,  p.  194. 

Autographa  (Plusia)  bassicae,  Common  Cabbage  Looper.  Chittenden— 
Insects  Injurious  to  Vegetables,  p.  140,  1907;  Bu.  Ent.  U.  S.  Dept. 
Agr.  Bui.  33. 

Chloridea  virescens.  Forbes — Field  Tables  of  Lepidoptera,  p.  125,  1906.- 
Chorizagrotis  agrestis,   Western  Army  Worm.     Chittenden — Bu.  Ent. 

U.  S.  Dept.  Agr.  Bui.  43,  p.  32,  1903. 
Drasteria  erechtea,  Clover  Drasteria.    Forbes — 14th  Rep.  St.  Ent.  111. 

Appendix,  p.  87. 

Buxoa  {Agrotis)  (Carneades)  messoria,  Dark-sided  Cutworm.  Felt — 
20th  Rept.  St.  Ent.  N.  Y.,  p.  407,  1905.  Forbes— 23d  Rep.  111.  St. 
Ent.,  p.  32.  (Forbes — 12th),  1905.  ' 

Buxoa  tesseJlata,  Common  Striped  Cutworm.  Forbes — 23d  Rep.  111.  St. 
EnT.  p.  34  (Forbes — 12th),  1905. 

feltia  gladiaria,  Clay-backed  Cutworm.  Forbes — 23d  Rep.  111.  St.  Ent. 
p.  28.    (Forbes — 12th),  1905. 

HcUothis  obsolete  (annigera) ,  Cotton  Boll  Worm.  Bishop  and  Jones — 
U.  S.  Dept.  Agr.  Farmers'  Bui.  290,  1907 ;  Lowe  and  Sirrine — 
N.  Y.  Agr.  Exp.  Sta.  14th  Ann.  Rep.,  p.  559,  1896. 
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Laphygiiia  {Caradrina)   exigiia,  Beet  Army  Worm.  Chittenden — Div. 

Ent.  U.  S.  Dept.  Agr.  Bui.  33,  p.  42,  1902. 
Laphygma  {Caradrina)  fiavimacttlata.    Forbes — 111.  Exp.  Sta.  Bui.  60, 

p.  498,  1900;  Chittenden — Div.  Ent.  U.  S.  Dept.  Agr.  Bui.  33,  p. 

39,  synonyms,  1902. 
Laphygma  frugiperda,  Grass-worm,  Fall  Army  Worm.    Forbes — 111.  St. 

Ent.  23d  Rep.,  p.  81,  (Forbes — 12th),  1905. 
Loxostege  similalis  ( Euryccrcon  rantalis  ).  Garden  Webworm.    Forbes — 

111.  St.  Ent.  23d  Rep.,  p.  89,  (Forbes — 12th).  1905:  Brunner — Xeb. 

Agr.  Exp.  Sta.  Bui.  16,  1891. 
Mamestra    (Ceramica)    p'lcta,   Zebra   caterpillar.  Felt — 14th  Rep.  St. 

Ent.  N.  Y.,  p.  304,  1898;  Forbes — 111.  Exp.  Sta.  Bui.  60.  p.  501. 1900. 
■Qligia  nucicolora.    Forbes — Field  Tables  of  Lepidoptera,  p.  115,  1906. 

Potato  Family. 

Papaip'cma  cataphracta,  Burdock  Borer.  Gibson — 36th  Rep.  Ent.  Soc. 
Ont.  for  1905,  p.  118,  1906. 

Papaipema  (Hydroccia )  (Gortyiia  )  nitcla,  (iicbris),  Stalk  Borer. 
Forbes — 111.  Exp.  Sta.  Bui.  95,  p.  374,  1904.  Smith — X.  J.  Col. 
Exp.  Sta.,  Rep.  of  Ent.  for  1905,  p.  584. 

Peridroma  margaritosa  (Agrotis  saucta),  Variegated  Cutworm.  Chit- 
tenden— Div.  Ent.  U.  S.  Dept.  Agr.  Bui.  29.  1901 :  Forbes — 111.  St. 
Ent.  23d  Rep.,  p.  23,  (Forbes — 12th),  1905. 

Phlcgcthoiitius  quiuqucmaculata  (Profoparc  cclcus)  ^Macrostla  ^- 
iiiaculata) ,  Potato,  Tomato.  Xorthern  Tobacco  Sphinx.  Smith — 
Economic  Entomology,  p.  255 ;  Forbes — 14th  Rep.  St.  Ent.  111.  Ap- 
pendix, p.  87. 

Phlcgcthoiitius  scxtus  (Protoparcc  Carolina')  (MacrosHa),  Southern 
Tobacco  Sphinx.   Forbes — 14th  Rep.  St.  Ent.  111.   Appendix,  p.  87. 

Phthorimaca  operculclla  (Lita  and  Gclcchio  solanella),  Potato-Tuber 
Moth.  Howard — Farmers"  Bui.  120,  U.  S.  Dept.  Agr.,  p.  19,  19C0: 
Clarke — Bui.  135,  Cal.  Agr.  Exp.  Sta.,  29  pp.,  7  figs.,  1901 ; 
Chittenden — Bu.  Ent.  U.  S.  Dept.  Agr.  Circ.  162.  1912. 

Prodcnia  cridaiiia.  Semitropical  Army  Worm.  Chittenden  and  Russell — 
Bu.  Ent.  U.  S.  Dept.  Agr.  Bui.  66.  Pt.  V,  1909. 

Prodcnia  oniithogalli  (lincafclla)  (ciidiopta},  Cotton  Cutworm.  23d 
Rep.  St.  Ent.  111.,  p.  70.  C  Forbes — T2th\  1905. 

LOLEX)PTERA. 

Adiiiioilia  tanaccti.  Schoyen — Div.  Ent.  U.  S.  Dept.  Agr.  Bui.  9,  p.  80, 
189;. 

Cctonia  iiictallica.  Schoyen — Div.  Ent.  U.  S.  Dept.  Agr.  Bui.  9,  p.  80. 
1S9;. 

Chrysochus  auratus.  Lintncr — X.  V.  Sr.  Er.t.  Rep.  IV.  p.  142.  18SS. 
Colaspis  bruiiiica.  Brown  Colnspis.     Felt — X.  Y.  St.  Ent.  Rep.  17,  p. 
7 34,  1901. 

Coptocycla  bicolor  (Cassidit  ^luriciuuccd  1 .  (,'oiden  Tortoise  Beetle. 
Lintner— X.  Y.  St.  Ent.  Rep.  VII.  p.  376,  1891. 


POTATO  I'LEA  BEETLE. 


53 


Coptocyda  (Cassida)  clavata,  Clubbed  Tortoise  Beetle.    Lintner — N.  Y. 

St.  Ent.  Rep.  VI,  p.  126,  1890. 
Coptocyda  sigmfcra  (giiilata).    Lintner— N.  Y.  St.  Ent.  Rep.  VII,  p. 

369,  1891. 

Diabrofica  12-piinctata.    Webster— Ohio  Agr.  Exp.  Sta.  Bui.  45,  p.  203, 
1893- 

Diabrofica  vitlata,  Striped   Cucumber  Beetle.     Felt— i8th  Rep.  N.  Y. 

St.  Ent.,  p.  148,  1902  (1903). 
Drastcritis  elegaus.    Felt— 20th  Rep.  N.  Y.  St.  Ent.,  p.  422,  1904  (1905)- 
-Bpicaeriis  rmbricatiis,  Imbricated  Snout-beetle.    Chittenden — Div.  Ent. 

U.  S.  Dept.  Agr.  Bui.  43,  p.  28,  1903. 
Epicauta  cinerea,  Gray   Blister  Beetle.     Chittenden — Div.   Ent.   U.  S. 

Dept.  Agr.  Bui.  43,  p.  24,  1903. 
Epicauta  lemniscata,  Three-lined  Blister  Beetle.    Chittenden — Div.  Ent. 

U.  S.  Dept.  Agr.  Bui.  43,  p.  23,  1903. 
Epicauta  iiiacnlata,  Spotted  Blister  Beetle.    Chittenden — Div.  Ent.  U.  S. 

Dept.  Agr.  Bui.  43,  p.  24,  1903. 
Epicauta  marginata,   Margined   Blister  Beetle.     Chittenden — Div.  Ent. 

U.  S.  Dept.  Agr.  Bui.  43,  p.  24,  1903. 
Epicauta  Pennsylvania,  Black  Blister  Beetle.    Chittenden — Div.  Ent.  U. 

S.  Dept.  Agr.  Bui.  43,  p.  25,  1903. 
-Epicauta  vittata,  Striped  Blister  Beetle.    Chittenden — Div.  Ent.  U.  S. 

Dept.  Agr.  Bui.  43,  p.  22,  1903. 
-Epitrix  (Crepidodcra)  ciicumeris,  Potato  Flea-beetle.    Johannsen — Me. 

Agr.  Exp.  Sta.  Bui.  211.    Bibliography,  1913. 
Epitrix  fuscula,   Eggplant   Flea-beetle.     Carman — 2nd  Ann.  Rep.  Ky. 

Agr.  Exp.  Sta.  for  1889,  p.  26,  1892;  Chittenden— Div.  Ent.  U.  S. 

Dept.  Agr.  Bui.  19,  p.  87,  1899. 
Epitrix  parvula,  Tobacco  Flea-beetle.    Carman — 2nd  Ann.  Rep.  Ky.  Agr. 

Exp.  Sta.  for  1889,  p.  30,  1892 ;  Chittenden — Insects  Injurious  to 

Vegetables,  p.  219,  1907. 
Henous  confertiis.     Schw^arz — Div.  Ent.  U.  S.  Dept.  Agr.  Bui.  22,  p. 

108,  1900. 

Lachnostei'na,  White  Grub,  Britton — 12th  Rept.  of  the  St.  Ent.  Conn. 

Plate  15  (d),  1912  (1913). 
Eeiiia  frilineata,  Three-lined  Potato  Beetle.    O'Kane — Injurious  Insects, 

p.  146,  1912. 

Leptinotarsa     {Doryphora)     decemlineata,    Colorado    Potato  Beetle. 

Chittenden— Bu.  Ent.  U.  S.  Dept.  Agr.  Circ.  87,  1907. 
Ligyrus  gibbosus,  Carrot  Beetle.    Chittenden — Div.  Ent.  U.  S.  Dept.  Agr. 

Bui.  43,  p.  26,  1903. 
Macrobasis  albida.  Two-spotted  Blister  Beetle.    Chittenden — Div.  Ent. 

U.''S.  Dept.  Agr.  Bui.  43,  p.  26,  1903. 
Macrobasis  immaculata,  Immaculate  Blister  Beetle.    Chittenden — Div. 

Ent.  U.  S.  Dept.  Agr.  Bui.  43,  p.  26,  1903. 
Macrobasis  scgmentata,  Segmented  Black  Blister  Beetle.    Chittenden — ■ 

Div.  Ent.  U.  S.  Dept.  Agr.  Bui.  43,  p.  26,  1903. 
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1913- 


Macrobasis  unicolor,  Ash-Gray  Blister  Beetle.    Chittenden — Div.  Ent. 

U.  S.  Dept.  Agr.  Bui.  43,  p.  26,  1903. 
Macrodactylis  subspinostts,  Rose  chafer.    Lintner — 1st  Ann.  Rept.  X.  Y. 

St.  Ent.,  p.  229,  1882. 
Meloe  angusticollis.    Patch — Bui.  148,  Me.  Agr.  Exp.  Sta.,  p.  278,,  1907. 
Phyllotreta  decipiens.    Forbes — Univ.  111.  Agr.  Exp.  Sta.  Bui.  60,  p.  471, 

19CO. 

Psylliodes  punctulata.  Piper — Wash.  Agr.  Exp.  Sta.  Bui.  17,  p.  55.  1895. 
Systena  blanda,  Pale-striped  Flea-beetle.    Chittenden — Div.  Ent.  U.  S- 

Dept.  Agr.  Bui.  43,  p.  16,  1903. 
Systeita  frontalis,  Red-headed  Flea-beetle.    Chittenden — Div.  Ent.  U-  S. 

Dept.  Agr.  Bui.  43,  p.  17,  1903. 
Systena  hudsonias,  Smartweed  Flea-beetle.    Chittenden — Div.  Ent.  U. 

S.  Dept.  Agr.  Bui.  23,  p.  23,  1900;  and  Bui.  43,  p.  17.  1903;  Patch 

— Bui.  134,  Me.  Agr.  Exp.  Sta.,  p.  214,  1906. 
T richobaris  (Baridius)  trinotata,  Potato-stalk  Weevil.    Chittenden — BuL 

33,  Div.  Ent.  U.  S.  Dept.  Agr.,  p.  9,  1902. 

DiPTERA. 

Drosophila  busckii.    Johannsen — Bui.  177,  Me.  Agr.  Exp.  Sta.,  p.  37. 
igrii. 

Pegoniya    (Pliorbia)   fusciceps,   Seed-corn   Maggot.     Chittenden — Bu. 

Ent.  U.  S.  Dept.  Agr.  Bui.  33,  p.  91,  1902.    Johannsen — Bui.  187. 

Me.  Agr.  Exp.  Sta.,  p.  5,  191 1. 
Pnyxia  (Epidapus)  scabici.    Johannsen — Fungus  Gnats  of  X.  Am.  Bui. 

200  Me.  Agr.  E.xp.  Sta.,  p.  58,  1912.    Reference  to  the  account 

given   by  Dr.  A.  D.  Hopkins. 
Sciara  fucata.    Lintner — X.  Y.  St.  Ent.  Rep.  V,  p.  265,  1889. 
Sciara  hyalipcnuis.    Lintner — X.  Y.  St.  Ent.  Rep.  V,  p.  265.  1889. 
Sciara  loiigipcs.  Lintner — X.  Y.  St.  Ent.  Rep.  V,  p.  265,  1889. 
Sciara  pauciseta.    Lintner — X.  Y.  St.  F,nt.  Rep.  XIL  p.  244,  361. 
Sciara  pulicaria.    Lintner — X.  Y.  St.  Ent.  Rep.  V,  p.  265,  1889. 
Sciara  quiuquclincata.  Lintner — X.  Y.  St.  Ent.  Rep.  V.  p.  265.  1880. 
Sciara  vittata.    Lintner— N.  Y.  St.  Ent.  Rep.  V,  p.  265,  1889. 
Trichocera  regclationis.    Johannsen — Bui.  177  Me.  .Agr.  Exp.  Sta.,  p.  34. 

1910. 

Heteroptera. 

Corimclacna  pulicaria.  Flea-like  Xegro-bug.  Lugger — 6th   .\nn.  Rep. 

Ent.  St.  Exp.  Sta.  L'niv.  Minn.  Id.  Bui.  Xo.  69.  p.  96,  1900. 
Cosniopcpla  carnifc.r.    Patch — Bui.  134  Me.  .Agr.  Exp.  Sta..  p.  214,  1906. 
r.iichistiis  tristigina.    Patch — Bui.  148  Me.  .\gr.  Exp.  Sta..  p.  276,  1907. 
Halticus  ulileri.  Garden  Flea  Hopper.    Britton — 4th  Rep.  St.  Ent.  Conn. 

for  1904,  p.  217.  1905. 
Lcptoglossits  pliyllopiis.  Banded  Leaf-footed  Plant-bug.    Chittenden — 

Div.  Ent.  V.  S.  Dept.  Agr.  Bui.  19.  p.  46.  1809. 
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Lygus  pratcnsis,  Tarnished  Plant  Bug.    Patch — Bui.  134  Me.  Agr.  Exp. 
Sta.,  p.  214,  1906. 

Nysius  aiigustattis,  False  Chinch-bug.    Forbes — Bui.  60,  Univ.  111.  Agr. 

Exp.  Sta..  p.  443,  1900. 
Feutatonia  juuipcrina.     Patch — Bui.  134,  ]\Ie.  Agr.  Exp.  Sta.,  p.  214, 

1906. 

Pentatoina    (Liodcnna)    iihlcri.   Western   Cireen   Stink-bug.     Forbes — ■ 

Bui.  .60,  Univ.  111.  Agr.  Exp.  Sta.,  p.  445,  1900. 
Poecilocapsus  Uncatus,  Four-lined  Leaf-bug.    Slingerland — Cornell  Exp. 

Sta.  Bui.  58,  p.  223. 

HOMOPTBRA. 

Alcyrodcs  I'aporarionim.  White  Fly.     Britton — Conn.  Agr.   Exp.  Sta. 

Bui.  140,  p.  6,  1902. 
Cercsa  bubalus.  Buffalo  Tree-hopper.  Coding — Insect  Life  Vol.  5,  p.  92. 
F.iiipoasca  iiiali.     Osborn — Bui.  108,  Bu.  Ent.  IJ.  S.  Dept.  Agr.  p.  100, 

191J. 

Eiiipoasca  I'iridcscciis.  Bui.  18,  Bu.  Ent.  L'.  S.  Dept.  Agr.,  p.  loi,  1898. 
Entilia  sinuata.    Coding — Insect  Life.  Vol.  5,  p.  92. 

Icerya  piirchasi,  Cottony  Cushion-Scale.    Riley — Report  of  Ent.  for  1886 

in  Rep.  U.  S.  Comm.  Agr.,  p.  474,  1887. 
Oniiciiis    (Pocciloptcra)    pniiiiosa.    Mealy    Flata,    Frosted  Lightning. 

Hopper.    Chittenden — Bu.  Ent.  IJ.  S.  Dept.  Agr.  Bui.  22,  p.  98, 

1900. 

Orthcsia  insignis.    Lounsbury — Bui.  28,  Hatch  Exp.  Sta.,  p.  26,  1895. 
Faratriosa  cockcrclli.  l^omato  Psyllid.    Johnson — News  Notes  Col.  Agr. 
,  Col. 

Aphidac.    Omitted  from  this  list. 

OrThopTUra. 

Dissostcira  longipcnnis.    Forbes — 111.  St.  Ent.  23d  Rep.,  p.  213.  1905. 
Gryllus  sp.    Riley— Insect  Life.    Vol.  i,  p.  87,  1888. 

Melanoplus  fciiiur-rubniiii.  Red-legged  Locust.     Patch — Bui.   148,  Me. 

Agr.  Exp.  Sta.,  p.  277,  1907. 
Melanoplus    (Cahpfemts)    spretus.    Rocky    Mountain    Locust,  Riley- 

Packard-Thomas— 1st  Ann.  Rep.  U.  S.  Ent.  Com.  1877  (1878),  p. 

251- 

Scapteriscus  abbrcviatits.  Southern  Short-winged  Mole  Cricket.  Chit- 
tenden— Div.  Ent.  U.  S.  Dept.  Agr.  Bui.  40,  p.  117,  1903. 
Slenopchiiatns. .  Clarke — Univ.  Cal.  Agr.  Exp,  Sta.  Bui.  135,  p.  29,  1901. 

Thysanoptera. 

Euthrips  occidcntalis.    Hinds — Proc.  U.  S.  Nat.  Mus.  Vol.  26,  p.  152. 
Euthrips  tritici,  Wheat  Thrips.    Hinds — Proc.  U.  S.  Nat.  Mus.  Vol.  26. 
p-  148. 
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COLLEMBOLA. 

Lipura  fimetaria.    Lintner — X.  Y.  St.  Ent.  Rep.  II,  p.  209.  1885. 

ACARIXA. 

Rhisoglyphus  (Tyroglyphus)  phylloxerae.    Lintner — loth  Rep.  St.  Ent. 

X.  Y.,  p.  451,  1894  (1895). 
Gamasus  obovalus.    Lintner — loth  Rep.  St.  Ent.  X.  Y.  p.  451,  1894 

(1895)- 

Ml-TUOPODA. 

Jiilus  caerulcocinctus.    Lintner — X.  Y.  St.  Ent.  Rep.  Ill,  p.  132,  X,  p. 
445- 

Polydesmus  complanatus.    Lintner — X.  Y.  St.  Ent.  Rep.  Ill,  p.  132. 

Xematode  Worms. 

Monthh'  Bulletin  of  St.  Comm.  of  Hort.  Cal.,  Vol.  i,  pp.  26,  61, 
1912;  Stone  and  Smith — Hatch  Exp.  Sta.  Bui.  55,  1898;  Watson — 
Univ.  Fla.  Agr.  Exp.  Sta.  Bui.  112,  p.  24,  1912. 


Fig.  14.  Potato  Flea-beetle,  showing  punctures.  Enlarged.  Figs.  15 
and  16.  Fore  and  middle  legs.  Fig.  17.  Hind  leg.  Fig  18.  Portion 
of  head  showing  antenna.    Fig.  19.  Potato  leaf  riddled  by  flea-beetles. 


